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IRmmI~OR0~TBE1-46  JET-PROPULSIORENGIREM'PBB

By Robert 0. Dietz, Jr. and Robert M. Geisenheyner

Perfomkmce  characteristics of the centrifugal compressor of
the I-40 jet-propulsion engine were determfned with the engine
installed in an airplane fuselage in the Cleveland altitude wind
tunnel. A standaid I-40 turbojet engine was used in the investi-
gation, which was conducted over a range of simulated altitudes
from 10,000 to 4C,COO feet and kam press~ ratios from 0.98 to
1.76. During the investigation the compressor Mach number varied
from 0.72 to 1.46. Performance chazacteristics  are presented as
functions of corrected air flow and compressor Mach number.

From results obtained 0-r a tide range of altitudes, it was
detemined that the compressor petiomance is primrily dependent
on the compressor-inlet Mach number. Variations of Reynolds nmber
of the air at the cmpressor inlet had little effect on compressor
perP0rm.nc-e. AtlobtcckupressorMachnu+ibers,  increased rampressure
ratios so shifted the cmpressor  op&atFng line that lower corqres-
sor pressWe ratio, OGi@%sso*  efficiency, and compressok  pressure
coefficient tie% OH&tied at a given corrected air flow. Ai; high
bolQ2&MOf hbch nuzabere, the effect of ram pressure mtio was
negligible. The marims compressor efficiency obtained was 72 per-
cent at static conditions. At a coki-ected engine speed of 11,500 rpm,--- ___-. -th6 bcmpres~or efficiency was 69 percent, the corrected compressor
air floutis 77 pounds per second, the compressor preesure ratio
Was 3.95, and thk &%pY6ssix pressti coeffici~t was 0.65. special
attempts to produce coxspx%ssor  surge we* unsuccessful.

IRTRODUCTIOR

An investigation of the I-40 jet-propulsion engine installa-
tion in an airplane fuselage has been conducted in the Cleveland
altitude wind tunnel. Over-all eiigine characteristics of the
installationare  presented inreferencel.
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One of the objectives of the investigation was to investigate
the compressor chamcteristics  and determine how effectively the
compressor operated inthisengine. The over-all efficiency of a
turbojet engine is directly dependent on the separate efficiencies
of its component parts. In order to obtain the maximum possible
efficiency from the engine, the compressor  must therefore be oper-
ated as near peak efficiency as possible. An analysis of the per-
formance chamcteristics  of the I-40 compressor ie presented. The
compressor characteristics are presented as functions of corrected
airflowand compressmMschnumber.

Wind-tunuel investigations of this campressor  installed in the
I-40 engine were made at simulated altitudes ranging from 10,000 to
40,000 feet and ram pressure ratios from 0.98 to 1.76. The com-
pressor Mach number varied from 0.72 at minimum engine speeds to
1.46 at maximum engine speed.

The I-40-3 compressor is a' double-inlet centrifugal-type con-
sieting of three principal parts: the fmpeller,  the diffuser, and
the casing.

The 31-blade double-en- impeller (fig. 1) has two sets of
blades that discharge into a common diffuser. The outlet d&meter
of the impeller is 30 inches and the ratio of outlet-to-inlet
diameter is 3.5. The impeller-hub length is 11 inches and the
over-all width of the impeller at the blade tip is 2.75 inches.
The impeller is secured by bolts between two flanged shafts and
rotates on a ball thrust bearing at the front and a roller bearing
at the rear (fig. 2). Front and rear impeller-face clearances am
0.045 and 0.055 inch, respectively. The impeller-azmulus  man
clearances at front and rear are 0.039 and 0.061 inch, respectively.

The diffuserhas vanes, equally spe~ced around the compres-
sor periphery (fig. 3), which direct the air into 14 air adapters
leading to the combustion chambers. Diffuser elbows, containing
four turning vanes each, so direct the air flow that it enters the
combustion chambers axially. The compressor casing, which has
smooth interior suzTaces,  is bolted to the diffuser.

Protective 5-mesh screens made of 0.036-inch-dianmter  wire
were installed overeachcompressor  inlet. The combined inlet
area, front and rear, to the compressor masured at the screens
is approximately 6.53 square feet. The compressor-outlet area,
msasured at the point of instrumentation, station 4 (fig. 4), is
approximately 1.62 square feet.
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The compressor was de~igned~to develop a pressure ratio of 4
withanairflowof  9Opoundsper secondatanengine speed of
11,500 rpm at sea level.

INSTALLATIOE

The I-40 wine installed intheairplanefuselagewasmomted
in the 20-foot-diameter test section of the Cleveland  altftude vind

~tumlel. Air entered the airplane through inlets on both sides of
the fuselage near the wing fillets and flowed through duets into
the plenmchmiber surromdingthe  engine. Theairthenentered
the openings of the double-entrg compressor (fig. 4).

Two configurations  were used to simulate static and flight
conditions. Far static tests, air was taken from the tunnel test
section through the airplane inlet ducts; for flight conditions,
air was conducted from the tunnel tie-up air system to the air-
plane inlet ducts through a Y-shaped ramduct. The air flow in
the ram duct was regulated by means of a butterfly valve located
approximxtely 147 feet upstream of the Inlet ducts. This air was
throttled from approximately sea-level pressure to -the pressure
correspondin@; to the desired mm pressure ratio at the desired
altitude.

The airplane lnstallatim also includes a tail pipe 19 inches
in diameter and 93 inches long.

INEZR-TION

The engine ~88 extensively inst&mented as shown in figure 5.
The compressor instrmnentaticm was located at stations 2, 3, and 4
and the tail-pipe fnstrmentation  at station 8 (fig. 4).

The front compressor-inlet instrmmntation  (station 2) con-
sisted of 14 total-pressure tubes and 7 thezmooouples. !l!he reax
compressor-inlet instrummtation  (station 2) consisted of 28 total-
pressure tubes and 14 thermocouples. The instrumantation was
mounted an the engine truss-ring support and equally spaced over
a surface 3 inches above the compessor-inlet screens.

Durm one phase of the Investigation, three rakes of five
total-pressure tubes each and one rake of five static-pressure
tubes were placed immdiately forward of the impeller in the
front compressor inlet. One of these rakes is shown at station 3
in figure 5. The rakes were located at approximately 90° inter-
vals.
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The compressor-outlet instmment&ion oonsisted of three rakes
of five total-pressure tubes and four thermocouples placed diagonally
across three air adapters eqLaally spaced circumferentially  around the
engine. The tail-pipe-nozele outlet instrumentation was composed of
a rake of 18 total-pressure tubes, 3 static-pressure tubes, and
10 thernmcouples. Two sets of static-wall orifices were placed 90'
apart around the periphery of the tail pipe 1 inch upstream of the
outlet end of the tail pipe.

Investigations were conduoted at simulated altitudes of 10,000,
20,000, 30,000, and 40,000 feet and ram pressure ratios of 0.98, 1.09,
1.20, 1.32, 1.33, and 1.76. The total pressure in the engine plenum
chamber was maintiined  at the proper value to aimlate a desired ram
pressure ratio at a given simulated altftude. H&CA standard conditions
of temperature were reasonably maintained in the tunnel test se&ion
and the engine plenum &amber for each simulated altitude and ram
condition. For eaoh condition of altitude and ram pressure ratio,
the engine was run over its full we of operable speeds.

Dur- statio oondltions, velocities from 76 to I27 feet per
second were induoed in the tunnel test section by the ejector effect
of the jet and by the tunnel exhaust scoop, which was located in the
sir stream 1rmPsdLatel.y  dounstream of the test section.
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The symbols and the neoesssry values used In this report are:

weat h ftl

speed of sound in air, (ft/seo)

speclfio heat of gas at constant pressure, (0.241 Btu/lb/%)

diameter of rotor, (ft)

acceleration due to gravity, (ft/sec2)

ms&anlcal equivalent of heat, (778 ft-lb/Btu)

gas-flow calibration faotor for tail-pipe-nozzle outlet rake,
(0 .964)



NACA RM No. E8GO2a

MC. compressor Mach number
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angin* speed, (rpan)
total pressure, (lb/sq ft absolute)

static pressure, (lb/sq ft absolute)

gas constant

total temperature, (OR)

Indicated temperature, (ox)

static temperature, (OR)

rotor tip speed, (ft/sec)

weight flow, (lb/set)

themocouple impact-recovery factor, (0.86)

ratio of specific heats, (c,/c,)

ratio of absolute compressor-inlet total temperature and
N&X stan+rd sea-level temperature (T2/519)

ratio of compressor-inlet total pressure and lUGA standard
sea-level pressure

compressor efficiency, (percent)

compressor presmre coefficient

Subscripts:

0 ambient, or free-stream, conditions

2 average compressor inlet

3 compressor face

4 compressor outlet

5 turbine-nozzle inlet

8 tail-pipe-nozzle 'outlet
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& air

C oompreeeor

f fuel

g ggL8

n turbine throat

8 tail-pipe-nozzle outlet shell

x annular inorement of,area in tail-pipe-nozzle outlet

The following parameters are generalized to NACA standard atmospheric
conditicme  at sea level:

w&P- corrected air flow, (lb/set)8

+
uorreotei) engine speed, (rpm)

METEODSOFCALCULATION

R&m Pressure Ratio

Ram pressure ratio Is the ratio of the average of the front and
rear mmpressor-inlet total preesures  to the tunnel static pressure,
PZ/PO*

The ccmpreseor  I&oh number Is defined as the ratio of the tip
speed of the compreesor  blades to the velocity of sound cmrreaponding

Mach Number

to the total temperature of the inlet air. I&chnwn&r ie represented
by the dimensionless ratio
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l Temperatures

The compressor-otilet  total temperature can be calculated from

T4 = 'pi,4 +&+$+~~2

Because compressor-outlet static pressure was not measured, indicated
temperature and total pressure are used instead of static temperature
and static pressure, respectively, in this equation. This substitu-
tion introduoed a negligible error in the impact-recovery corrections.
The thermocouple Impact-recovery factor a was determined from cali-
bration tests run on representative thermocouples of the type used.

The to-1 temperature at the compressor inlet is assumed to be
equal to the Indicated temperature because the velocity at the com-
pressor inlet is low. This assumption Introduced an error of less
than 0.2 percent.

AirFlow

GELS flow was calculated from tail-pipe-nozzle outlet (station 8)
measurements of pressure and temperature. Because the surveys across
the tailpipe were nonuniform, the area was divided into a series of
annul1 and the gas flow caloulated  through each annulus. A stmnnation
of these incrementalgasfkwaisthetotalgasflowthrough  the engine.
The following equationwas used:

where C is the correction factor for expansion of the tail pipe at
high temperatures:
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C = 1 + 1.8 x lO-5 (Ts - 520)

A derivation of the gas-flow equation is presented in reference 1.
Fuelflowuas then subtracted frcunthe gas flow inorderto obtain
the air'flow:

$fficiency

The following equation was used in caloulating  campressor
effioiency:

r-1
p4

% =
0

Y
E

- 1

T41
112-

where the value of y is assumed to be oonstant at 1.393.

Pressure Coefficient

The pressure coefficient is the ratio of the work of adiabatic
compression between initial and final pressures and the theoretical
work of adiabatic oompression  in a chanuel rotating with the ssm
tip speed as the ooonpressor tip speed. The equation for compressor
pressure coefficient Is

RE5TJLTSAIVDDISCUSSION

Method of AnELlysis

Complete compressor performance characteristics are usually
presented by the use of the compressor pressure ratio and the cor-
rected air flow as varia.bles. Afull range of operating character-
istfos such as determined from ocs~~~ssor  dynamometer-rig investi-
gations was impossible to obtain during altitude-wind-tunnel
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C = 1 + 1.8 x lO-5 (Ts - 520)

A derivation of the gas-flow equation is presentad  in reference 1.
Fuelflovvas then subtracted fromthe gas flov inorderto obtain
the air'flov:

wa =w -wf%

Efficiency

The folloving equation was used in caloulating compessor
efficiency:

‘lo =

*4
0

7
p2

- 1

g-1

where the value of y is assumed to be constant at 1.393.

Pressure Coefficient

The pressure coefficient is the ratio of the work of adiabatic
compression between initial and final pressures a.nd the theoretical
work of adiabatic oompression  in s channel rotating with the s&me
tip speed as the oarmpressor  tip speed. The equation for ccmpressor
pressure ooeffioient  is

RESULTsMDDISCUS3ION

Method of Analysis

Complete compreseor performance charaoteristlcs  are usually
presented by the uee of the compressor pressure ratio and the cor-
rected air flov &a variables. A full range of operating chanacter-
istios such as determined from compressor dvter-rig investl-
gations was impossible t0.obtai.n during altitude-wind-tunnel
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inveeti@ions of the complete engine because signfficant  air-flow
variation at a given speed was impossible. Performance character-
istics were therefore determined only at conditions set by the over-
all operating characteristics of the complete engine and are pre-
sented in the form of an operating line. Figure6isanexampleof
the operating line, which represents the relation between the
compressor pressure ratio and corrected air flow when the engine
speed is varied. The operating line may also be represented by
the relation between compressor pressure ratio and compressor Bach
number. Both representations of the opemtin5 line are presented
herein.

The position of the opemting line tith respect to its coor-
dinates is a function of the turbine-nozzle area and the ratio of
the turbine-nozzle-inlet temperature to the compressor-inlet term-
perature, aswillbe shown. When the ~essure ratio across 8
nozzle is above the critical value (approximately 1.89), the flow
through the nozzle is approximately equal to

% =
%?575

7/-%

where H is a constant.

Born the foregoing equation and the definitions of 8 and 8,
the corrected air flaT in the critical-pressure m.mge is approximately
equal to

*575
%fP T-

6 -=1= -
r5
fTz

where II1 is a constant. Inasmuch as the total-pressure drop acxoss
the combustion chambers ia ~11, P5/P9 is very nearly equal to the
compre8sor  pressure r&t10 P4/P9, and from &he preceding discussion
apparently the only operational variable that affe&s the relation
between the corrected air flaT and the compressor pressure ratio is
the ratio of the temperature of the gasesattheturbine inlettothe
temperature of the air at the compressor inlet. In addition to the
foregoing factor, the back pressure on the turbine nozzle affects
the air flow when the pressure across the nozzle is less than the
critical value.
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The performance  characteristics presented were determined from
instrumentation located above the compressor-inlet screena. This
method of determination penalized the compressor for losses through
the inlet screens and the compressor-inlet ducts. These losses,
determined from the compressor-face instrumentation, varied from
3 percent of the absolute total pressure at mEIximum engine speed to
a negligible Etmrstmt  at low engtie speeds. The decrease in compressor
efficiency resulting from the inclusion of the inlet soreen and inlet
ducting as wt of the oompressor amounted to about 2 percent at
maximum engine speed.

Position of Compressor Opemting Line

Compressor performance data taken at several altitudes are gen-
eralized by applying correction factors that account for variations
in M%ch nu&er of the air stream at the compressor inlet. When the
data were generalized in this manner the compressor operating line
was found to be independent of variations in altitude (fig. 6). The
correspondence among the results when corrected for changes in the
k&h number that accompany changes in altitude show that the varia-
tions in the Reynolds number, which also accompany changes in alti-
tude, have little or no effect on the I-40 compressor performance.
The double abscissa acele on figure 6 indicates the relation between
compressor Wch nmbsr and corrected engine speed.

At low compressor Mach numbers, an increase in ram pressure
ratio at a given corrected air flow caused a decrease in the
compressor pressure ratio end a shift in the opsrating line to the
right with respect to the coordinates (fig. 7). At high compressor
Mach numbers, the effect of increased ram pressure ratio was
negligible.

Compressor Efficiencies

The altitude effect (Reynolds-number effeot) on compressor effl-
ciency is negligible as shown in figure 8(a). A me.ximum compressor
efficiency of 72 percent was obtained at static conditions (fig. 8(b)).
This value wa8 maintained from minimum corrected air flow to a
corrected air flow of about 70 pounds per second, where it began to
decrease rplad~~&lly. These corrected air fluwa correspond to minimum
compressor F&h number and a compressor Fach number of 1.12, respec-
tively. An increetse in ram pressure ratio at low corrected air flows
(low compressor Mach numbers} decreased the efficiency. At hf.gh
corrected air flovB, ram pressure ratio had a very slight effect on
efficiency.
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The compressor efficiency chSr8cteristics are presented in
figure 9. This curve is cixlstructed from the operating lines pre-
sented in figure 7 and the efffciencies presented in figure 8. The
operating line appears to pass to the high-air-flow side of the

- region of maximum efficiency on the effioiency-contour  plot.

Pressures

The relation among compressor pressure ratio, compressor Mach
number, corrected engine speed, and corrected air flow has been dis-
cussed. The maxImum pressure r&i0 across the coqreesor was 4.55.
At this pressure ratio, the corrected sir flaw was about 83 pounds
per second and the compressor kch number was 1.45.

Compressor Ip'essure coefficients are presented in figures 10
and 32. in the SS~S manner that the compressor efficiencies are pry-
sented infigures 881x3 9. The altitude effect on the relation
between compressor pressure coefficient asd corrected air flow was
negligible (fig. lo(a)). Figure 10(b) shovs that an increase in
ram pressure ratio caused EL decrease in the pressure coefficient at
low corrected air flows (low compressor Mach numbers); however, at
high corrected air flows (high compressor Mach numbers) the 378311
pressure effect on compresaor  pressure coefficient was negligible.
The maximums pressure coefficient obtalned for the compressor was 0.65
(fig. 10). The pressure coefficient w88 practically constant at this
value at static Condition8 throughout the full rSI@S cff inVeStd#LtiOIIS.

The contours of the con&ant-pressure coefficients presented in
figure 11 8how that the compressor 0peratIng line for a ram pressure
ratio of 0.98 coincides with the wximum pressure-coefficient contour
of 0.65.

A total-pressure survey across three air adapters (station 4),
conducted at eight different engine speeds varying from the lowest
operable speed to a maximum ,speed of 11,500 r-pm, shoved constant
pressure distributim across each air adapter as well as negligible
pressure variation from one adapter to another.

?erformanco  at Corrected Engine Speed of 11,500 rpm

At a corrected engine speed of 11,500 rpm, the compressor
pressure ratio wa8 3.95 and the corrected air flow was 77 pounds per
second. At these conditiona the ccanpressor  efficiency was 69 percent
and the compres8or  pressure coefficient was 0.65.
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Compressor surge, which is indicated by intermittent reversal
of flov at the compr0ssor outlet, vas not encountered at normal
engine opemt~ conditions. Atteplpts to produce compressor surge
at lov altitudes and lov temperatures  were unsuccessful.

S-Y OF RESTJLTS

The results from the investigation of the performance of the
centrif'uga3  compressor in the I-40 jet-propulsion engine are sum-
marized as follovs:

1. From results obtained-over a vide range of altitudes it vas
determined that the compressor performance is primarily dependent
on the compressor-inlet Mch number. Variations of Reynolds number
in the air at the compressor inlet that accompany changes in altitude
h&v-e no appreciable effect on the relation among corrected air flov,
compressor pressure ratio, compressor Bach number, compressor effi-
ciency, and compressor pressure coefficient.

2. Inoreaeed ram pressure ratio at low compressor Mach numbers
caused a shift in the compressor operating line so that a decrease
in compressor efficlenoy, compress-or pressure coefficient, and
compressor pressure ratio ocourred at a given corrected air flov.
At high compressor tich numbers, ram-pressure-ratio effects were
negligible.

3. A WLXfum compressor efficiency of 72 percent vas obtained
at static conditions. This value was practically constant from the
minimum compressor H%ch number to .a Biich nurnlmr of 1.12, where the
effioiency began to decrease. At high compressor Mw.h numbers,
increasing the ram pressure ratio had 8 negligible effect on effi-
ciency, but at lov compressor @ch numbers the effloiency  decreased
with Mareasing ram.

4. The mudmum pressure ratio obtained was 4.55. The corrected
air flow et this pressure ratio vas approximately 83 pounds per second
and the compressor Mach number vas 1.45.

' 5. The ~~~~imum compressor pressure coefficient obtained in the
investigations was 0.65. The pressure coefficient retrained practi-
cally constant at this value at static conditions throughout the
full range of investigation. Ram pressure ratio had a negligible
effect an compressor pressure ooefficient at high compressor Mach
numbers, but at low compressor Mach numbers the compressor pressure
coefficient decreased with an increase in ram pressure.
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6.At a corrected engine speed of ll,500 r-p, the compressor
pressure ratio was 3.95 and the corrected air flow was 77 pounds per
second. At these conditions the compressor efficiency was 69 percent
and the compressor pressure coefficient was 0.65. At low altitudes
and temperature, specfal attempts to make the campreaeor surge were
unsuccessful.

Flight Propulsion Research Laboratory,
BTatfonal Advisory Committee for Aeronautios,

Cleveland, Ohio.

1. Ckndler, Stanley L., and Ibffel, William K.: Investigation of the
I-40 Jet-Propulsion Engine in the Cleveland Altitude Wind Tunnel.
I - Performance and Windmilling Bag Characteristics. IIACA
RM No. E8GO2, 1948.
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F i g u r e  I .  - C e n t r i f u g a l - c o m p r e s s o r  i m p e l  l e r  o f  I - 4 0  j e t - p r o p u l s i o n

eng t ne.
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g compressor Inl*t,front
3 coaprosscr fats
4 Conpresaor dlacharge
2 compreosor inlot,rear

5 Turbine-noazls i n l e t

Roller baarang-,

I thrust  bsa

Figure 2. - Cross set t Ion of I-40 jet-propulsion engine.
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Figure 3 .  -D i f f u s e r  o f  I - 4 0  j e t - p r o p u l s i o n  e n g i n e  s h o w i n g  v a n e s  a r o u n d
periphery a n d  t u r n i n g  v a n e s  i n  d l f f u s e r  e l b o w s .
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I n s t r u m e n t a t i o n  statlon

0  F r e e  s t r e a m 4  Compveasor  o u t  l e t
2  C o m p r e s s o r  i n l e t s S T u r b i n e - n o z z l e  I n l e t
3  C o m p r e s s o r  f a c e 8 T a l  I - p i p e - n o z z l e  o u t l e t

- Inlet  air a n d  e x h a u s t  gas

3 2

Figure 4. - The I-40 Jet-propulsion englne installed In alrplane fuselage.
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Turblna-nozZl*  Inlet tsnpcrrture
Conpr.¶**Or--O"tlet  total prer,ure  an* temperat"re  survey
conprssror-outlet  tOtal pressure  and temperature survey ,NAC*,
Trnl I-pi ps-nozz:lc  OUt Imt total  ae.j atat Ic prcssur.  and rsnp.rature survey
Rm*r comprsaaor-Inlet  total prrssure
Ft..r comprarsor-lnlst  tc.t.1 pr.saurs and te.parmt"r.
Front eomprwsor-face total-pressure  IY~V~J
Front compressor-inlet  tclta, pressure  and  t.mp.ratur.

Figure 5. - Drarrlng of I-40 turbojet engine showing location of instrumentation.
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.si aorreated air ilow, W&G/8, lb/see
(a) Relation  between campreseor pressure ratio and aorreoted air flew.

[b) Relation between compressor pressure ratio and compressor Ha& number.
FLgure 6.- Erreot 0r altitude cn compressor operating line at ram

pressure ratio of l.eO.
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Corrected air flow, Was/b,, lb/set
(a) Relation between oanpressor pressure ratlo  and corrected air flow.
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CiGpressor Mach numbei;-I, ---
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.
6 8 10 l8 14x103

Oorreated engine speed, M/a, rpm
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(b) Deletion  between  oompressor  pressure ratio and compressor Mach number.
Figure 7.- Effeot of ram pressure  rat10 on compressor operating line at

simulated altitude OS 30,000 Sect.
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Y -
ii (a) Effect of altitude at ram pressure ratio of 1.20.

+c
5
f$E605
2Yd
3 40
3

20.

pressure
ratio

0 0.98

: 1.20 1.53
A 1.76

0 20 40 60 20 100
Corrected air flow, Wa@,,S, lb/see

(b) Effeot of ram pressrve ratio at simulated altitude
of 30,000 feet.

Figure a.- Relation between aokoted air flow and
compressor effioienoy.
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-Compressor operating line
Efficlencv contour

!i ,I
rati

!i -1 981 I
k . I l-1.53

8
1.76

I I I I I

40 50 50 70 80 90
Corrected air flow, Was/b, lb/sea

.

1

Figure 9. - Adiabatic temperatur'e-rise  effloiency ohsraoter-
istlos at simulated altitude of 30,000 feet.
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u (a) Effect of altitude at ram pressure ratio of 1.20.
aJ5 .80
:
Ea
8
: .60
E
ii? , v-1 ! I I I I I
g

I

l *y-tY-

.20

0

Earn
pressure
ratio

I I I 0 0.98
q 1.20

I 0 1.55
A 1.76

I I I I I

1 20 40 60 80 100
Corrected air flow, 0tas.5, lb/sea

(b) Effect of ram pressure ratio at shulated altitude
of 30,000 feet.

Figure lOa- aompressor press- ooeffioient.
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I I- - Compressor operating line
Compressor-pressure-coeffhlent  contourI I

.

.

Corrected air flow, &@,/a, lb/set
Figure 11.0 Pressure ooeffioient uontours at simulated

altitude of 30,000 feet.
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